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PREFLIGHT GOOD TO GO

Introduction

Passive acoustic telemetry has been 
used for many years by fisheries and 
wildlife biologists to elucidate a num-
ber of life-history parameters and to 
examine the ecological requirements 
of targeted populations (White and 
Garrott, 1990). The technology has 
evolved so that tags are now smaller 
and battery lives are longer, thus in-
creasing the amount of data acquired 
and available to the manager or re-
searcher. Coincident with the evolving 
technology has been the emergence 
of computer programs using geospa-
tially referenced data (i.e., Geograph-
ic Information Systems or GIS). Taken 
together, these tools provide opportu-
nities for understanding how popula-
tions behave and function within the 
resources available to them.

At the same time, the toolbox of 
strategies to conserve and manage fish 
stocks has expanded from traditional 
management schemes (e.g., limited-
entry fisheries, quotas) to include 
the consideration of no-take marine 
fishery reserves (MFRs) (Bohnsack, 
1994). A growing body of empirical 
evidence now suggests that in a va-
riety of ways, the no-take approach 
may enhance commercial and rec-
reational fishers’ opportunities to 
target a population (Lubchenko et 
al., 2003). In particular, studies have 
suggested that more and larger indi-
viduals may become available to adja-
cent fisheries by “spillover” from the 
reserve via emigration (Roberts et al., 
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Abstract—Marine Fishery Reserves 
(MFRs) are being adopted, in part, as a 
strategy to replenish depleted fish stocks 
and serve as a source for recruits to adja-
cent fisheries. By necessity, their design 
must consider the biological parameters 
of the species under consideration to 
ensure that the spawning stock is con-
served while simultaneously providing 
propagules for dispersal. We describe how 
acoustic telemetry can be employed to 
design effective MFRs by elucidating im-
portant life-history parameters of the spe-
cies under consideration, including home 
range, and ecological preferences, includ-
ing habitat utilization. We then designed 
a reserve based on these parameters using 
data from two acoustic telemetry studies 
that examined two closely-linked sub-
populations of queen conch (Strombus 
gigas) at Conch Reef in the Florida Keys. 
The union of the home ranges of the in-
dividual conch (aggregation home range: 
AgHR) within each subpopulation was 
used to construct a shape delineating the 
area within which a conch would be locat-
ed with a high probability. Together with 
habitat utilization information acquired 
during both the spawning and non-spawn-
ing seasons, as well as landscape features 
(i.e., corridors), we designed a 66.5 ha 
MFR to conserve the conch population. 
Consideration was also given for further 
expansion of the population into suitable 
habitats.

2001), the reproductive output of the 
population may be enhanced by the 
increased spawning biomass inside 
the reserve (Côté et al., 2001), and 
there may be a concomitant enhanced 
supply of propagules to downstream 
populations (Kramer and Chapman, 
1999; Martel et al., 2000; Meyer et al., 
2000; Lowe et al., 2003). However, 
other, less obvious benefits may also 
occur including increasing encoun-
ters between individuals due to the 
reduction of Allee effects (Stoner and 
Ray-Culp, 2000), increased fecundity 
(Bertelsen and Matthews, 2001), and 
enhanced or restored biodiversity via 
cascading trophic effects (Babcock et 
al., 1999). Furthermore, MFRs may 
provide opportunities to examine the 
effects of various fishing strategies in 
a controlled environment (Bohnsack, 
1998). Despite these purported ben-
efits, there are still many unanswered 
questions related to the optimal de-
sign (Boersma and Parrish, 1999), 
siting (Crowder et al., 2000), and 
connectivity within MFR networks 
(Warner and Cowen, 2002).

To design an effective MFR, knowl-
edge of a variety of life-history param-
eters and ecological requirements of 
the population are required (Dugan 
and Davis, 1993). Because the size 
of an effective reserve will depend 
in part on the daily, seasonal, and 
ontogenetic movements of that spe-
cies (Polacheck, 1990; Lowe et al., 
2003), the evaluation of the home 
range (Kramer and Chapman, 1999), 
site fidelity (Lembo et al., 1999), and 
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movements and migrations (Zeller et al., 2003) of indi-
viduals in the population is critical.

Habitat requirements must also be incorporated into 
an effective MFR design (Recksiek et al., 2001; Rodwell 
et al., 2003). Ideally, the high-quality habitats most 
preferred for forage, reproduction, and refuge will 
be conserved and protected not only for the existing 
individuals in the population, but also for providing ad-
ditional resources as the population expands (Allison et 
al., 1998; Fogarty, 1999; Murray et al., 1999; Glazer and 
Kidney, 2004). Ecologically critical landscape features 
(e.g., corridors) must also be incorporated into the de-
sign to ensure that the reserve will protect the targeted 
population (Recksiek and Appeldoorn, 1998; Recksiek 
et al., 2001; Glazer and Kidney, 2004).

Despite the widespread recognition of these critical 
variables, the literature is depauparate with methods 
that provide guidance on how to incorporate a species’ 
life-history and habitat requirements into an effective 
MFR design a priori (Recksiek and Appeldoorn, 1998). 
Rather, there are numerous examples of the evaluation 
of an MFR’s function after it has been established (e.g., 
Meyer et al., 2000). Additionally, there are comprehen-
sive papers that describe the theoretical considerations 
in marine reserve design, but few that provide practical 
guidelines (Botsford et al., 2003).

We present here an approach that links life-history 
parameters with habitat utilization of the targeted spe-
cies to define the spatial extent of an optimally designed 
MFR. The design process incorporates data obtained 
from acoustic telemetry studies to delineate the area 
encompassed, the available habitat, and the habitat used 
by a population targeted for protection. Socioeconomic 
factors, as well as larval dispersal are beyond the scope 
of this paper and are therefore not considered in the 
design criteria. The method is applied to construct an 
MFR designed to protect a population of queen conch 
(Strombus gigas) in the Florida Keys.

Methods

Designing an MFR 

We propose an MFR design process based on the distri-
bution and ecological requirements of the population 
that is targeted for protection. The data on which the de-
sign will be based are acquired using acoustic telemetry.

Initially, two important considerations must be ad-
dressed. First, the manager must conclude that an MFR 
is an appropriate management tool to meet a specific 
objective based on a variety of social, economic, politi-
cal, and scientific considerations. Upon embracing this 
strategy, the proportion of the population targeted for 
protection must be identified using many of these same 

criteria. In many cases, the entire population is targeted 
for conservation; in other cases, the population may be 
so dispersed that conservation of the entire population 
is impractical.

After these determinations are made, the design pro-
cess is fairly straightforward (Fig. 1). First, the distribu-
tion of the population is identified in order to prelimi-
narily determine the approximate location of the MFR. 
In heavily exploited or otherwise affected populations, 
historical information may be required. In any case, 
the high-quality habitats associated with reproduction, 
refuge, and forage should be considered.

In the next step, both the home ranges and the 
habitats used by individuals in the population are de-
termined. Passive acoustic telemetry presents a versatile 
and relatively inexpensive method to locate tagged in-
dividuals, an important consideration in habitat-utiliza-
tions studies. Additionally, with a global positioning sys-
tem receiver, the geospatial positions of each individual 
can be easily obtained for home range estimations.

Recognizing that the goal of these studies is to ex-
tend the results to a population that includes untagged 
individuals, an appropriate sample size is required. Ide-
ally, this determination would be made with a power 
test; however that may be beyond the resources of 
the researcher or manager. Additionally, an adequate 
number of individuals must be resighted to ensure 
sufficient statistical power. However, the number of 
individuals tagged will also depend upon a variety of 
factors, including budgetary constraints. In any case, 
the acoustic tagging study should be conducted at a 
sufficient temporal scale to ensure that short-term (i.e., 
diurnal) and/or long-term (i.e., seasonal) movements 
are captured (Glazer et al., 2003). In our previous work, 
we determined that conch needed to be tracked for a 
minimum of eight months in order to ensure that sea-
sonal differences in movements and habitat usage did 
not influence site fidelity and home range estimations 
(Glazer et al., 2003). These values may change depend-
ing on the species under examination.

The geospatial data acquired from the acoustic telem-
etry are used to examine how individuals behave in their 
environment. Computerized methods are making these 
analyses increasingly accessible within GIS (Hooge et 
al., 2001). In our process, the location data are used 
in two ways. First, site fidelity of the tagged individuals 
is examined. This is a critical step because our process 
for MFR design requires examination of home ranges, 
and meaningful home-range estimations require a high 
degree of site fidelity (Hooge et al., 2001). After site 
fidelity is validated, the second way the geospatial data 
are used is to estimate the home range of each tagged 
individual. We suggest using a probabilistic model (i.e., 
kernel method) because of its accuracy and robustness 
(Worton, 1989; Hooge et al., 2001).
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The process for designing a marine fishery reserve. Data acquired from acoustic telemetry studies are used to estimate 
home ranges of individuals and habitat utilization of the population. 
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The home range estimation can then be extended to 
the entire population. In 2003, we introduced a concept 
we called the aggregation home range (AgHR) to de-
scribe an area within which there is a 95% probability 
that the entire population of tagged individuals will be 
found (Glazer et al., 2003). The AgHR is represented as 
an irregular shape that describes the union of the poly-
gons associated with the kernel home ranges of each 
tagged individual at the 95% probability level (Fig. 2). 
Given sufficient sample size, this shape approximates, 
with a high probability, the area occupied by the entire 
population.

Habitat-use studies provide additional data needed 
for designing an effective reserve. Because the size and 
shape of a home range is often dependant on habitat 
(Kramer and Chapman, 1999), the integration of these 
parameters into reserve design provides a powerful basis 
to define the spatial extent of the MFR. Data for these 
analyses are composed of two components: habitat avail-
ability and the habitats occupied by individuals in the 
population. These analyses then provide statistical rep-
resentations of the habitats that are utilized, preferred, 
and avoided by the population (Neu et al., 1974).

Estimating the available habitat requires a map with 
a suitable spatial scale and appropriate habitat classifi-
cations for the targeted species. In many cases, habitat 
maps may already be available. Alternatively, they can 
be constructed, and a variety of methods exist to do so 
(White and Garrot, 1990).

Examining the habitats occupied by individuals 
requires an efficient method of locating individuals 
in what may be complex environments, and acoustic 
telemetry is, in many cases, ideal for this application 
(for a review, see Eristhee and Oxernford, 2001). The 
number of observations within each habitat is compared 
with the percent coverage of each habitat to provide a 
statistical representation of habitat utilization. Given a 
habitat map of the area with sufficient scale and resolu-
tion, habitats that should be conserved or which the 
population may colonize may be easily discerned.

Other habitat features should also be considered 
when designing an MFR. For example, corridors func-
tion to permit migration between patches of critical 
habitat—areas that are essential for reproduction and 
survival (White and Garrott, 1990). Corridors may also 
facilitate dispersal between habitat patches in fragment-
ed landscapes (Berggren et al., 2002). If corridors are 
not protected, individuals may be susceptible to harvest 
when in transit or they may be unable to migrate into 
critical habitats (Simpson and Mapleston, 2002). Acous-
tic telemetry provides an efficient method to locate 
individuals that are in transit between habitat features 
and to identify those areas that must be conserved.

Further consideration must be given to habitats in 
cases where expansion of the population after protec-

tion is anticipated and desired. A population expands 
in one of two ways. First, the population may expand 
beyond its current boundaries as a result of density-
dependent processes. In some cases, animals may even 
begin to use less desirable habitats (Rowley, 1994). 
Second, a corridor may be permeable and individuals 
may immigrate into previously unused adjacent habitats 
(Acosta, 1999). Both processes reinforce the need to 
identify corridors.

Once the AgHR and the important habitat features 
are identified, an overlay is constructed to visually 
interpret the results and to assist in the design of the 
MFR. This is easily accomplished within a GIS, where 
boundaries can be identified and manipulated.

An example

To construct an MFR, we used data from two studies of 
queen conch conducted in 1997 on a Florida Keys back 
reef (Glazer et al., 2003; Glazer and Kidney, 2004). In 
those studies, we tagged adult queen conch with acous-
tic transmitters (Sonotronics, Inc. Tuscon Arixona, 
USA; Fig. 3) at Conch Reef in the upper Florida Keys. 
Conch Reef is a shallow-water reef escarpment with two 
areas delineated for protection: a limited-use Sanctuary 

Figure 2

The aggregation home range (AgHR) describing the 
union of the 95% probability contours of the individual 
animals (HR). Data are from 23 queen conch (Strombus 
gigas) at French Reef in the Florida Keys (Glazer et al., 
2003).

AgHR

HR
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Preservation Area (SPA) approximately 23.3 ha in area 
and a restricted access Research Reserve (RR) encom-
passing approximately 47.5 ha. The conch were located 
within two spatially distinct sub-populations (Fig. 4), but 
interchange was possible between them across a rubble 
field. We estimated that the total number of adult conch 
in both aggregations was approximately 345 individu-
als; therefore, about 11% of the population was tagged 
with acoustic transmitters. We conducted resighting 
sampling using hydro-acoustic receivers from a research 
vessel.

Using acoustic telemetry data (i.e., latitudes and lon-
gitudes), we determined the 95% probability contours 
for the home ranges for 21 conch (Glazer et al., 2003). 
These probabilities were graphically represented in a 
GIS.

We also examined the habitat requirements of the 
conch using acoustic telemetry data (Glazer and Kid-
ney, 2004). These data were used in two ways. First we 
determined the available habitat to the population 
(Table 1) by constructing the minimum convex polygon 
of all observations of the 39 conch tagged with acoustic 

Figure 3

Passive acoustic transmitter (AT) attached to a queen conch (Strombus gigas) used in acoustic telemetry studies. A second 
tag, which was used to identify the conch if the acoustic tag was lost, is shown attached to the spire (for a further discussion, 
see Glazer et al., 2003).

AT

transmitters. Then we examined the habitat utilized and 
preferred by the conch by comparing the available habi-
tat with the habitats occupied by the conch (Glazer and 
Kidney, 2004). Based on these analyses, we determined 
that the conch preferred coarse sand (Cs) and rubble/
coarse sand (RbCs) substrates, especially during repro-
ductive season (Table 1). At one site (C2), conch avoid-
ed rubble (Rb) relative to its availability; however, the 
rubble habitat served an important function. Two conch 
(5% of the tagged population) were observed moving 
from C1 to C2 across the shallow rubble ridge separat-
ing the two sites (Fig. 5). Additionally, observations of 
untagged conch on this rubble ridge suggest that this 
habitat serves as an important transit corridor.

These results were used to design an MFR for conch 
at this site. To design the reserve, we first constructed 
an AgHR at each subpopulation by drawing a smooth 
shape around the union of all the individual home 
range polygons (Fig. 5). We then used the answers from 
the following questions to further refine the design: 1) is 
there exchange between the two subpopulations (i.e., is 
there a migration corridor), 2) what habitats are critical 
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Sample sites for the queen conch (Strombus gigas) acoustic telemetry studies in the Florida Keys. All surveys were conducted 
at Conch Reef; C1 and C2 are subpopulations of queen conch. Two existing marine reserves are shown: a limited-use 
sanctuary preservation area (SPA) and a restricted-entry research reserve (RR). TK is Tavernier Key.

to conserve, 3) if expansion of the population were to 
occur in the future, what areas should be conserved rela-
tive to the preferred habitats, and 4) what is the simplest 
design for practical purposes (e.g., enforcement). Fur-
thermore, we decided that this reserve should protect 
the entire population (i.e., both subpopulations).

The design we chose addressed each of these crite-
ria. We selected a simple shape (i.e., a rectangle) that 
encompassed the following features: 1) the AgHRs of 
the two sub-aggregations, 2) the migration corridor 
between the two sub-aggregations, 3) habitats that were 
not avoided (except in the case of C2 where the rubble 
habitat represented the migration corridor), and 4) 
areas of adjacent habitats that were suitable (i.e., coarse 

sand, rubble/coarse sand, sparse seagrass/coarse sand, 
and rubble) but unoccupied and would allow for future 
expansion. For example, the majority of a deeper area 
of unoccupied course sand to the southeast of C1 was 
included in the MFR design (Fig. 5).

One other observation was considered when we 
designed our reserve. We observed two conch outside 
the boundaries of the AgHR at C2. We concluded that 
these animals represented “spillover,” in a management 
context, from our proposed reserve design; therefore, 
an effective reserve would not need to encompass this 
location. The proposed reserve measures approxi-
mately 475 m x 1400 m and encompasses approximately 
66.5 ha (Fig. 5).
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Table 1

Habitat classification and utilization by queen conch tagged with acoustic transmitters at Conch Reef in the Florida Keys. 
The habitats were defined from high altitude photographs. Asterisks indicate habitats that were occupied by conch during 
the study. Those habitats that were preferred are indicated with a “P” and those that are avoided are indicated with an “A.” 
N/A is not applicable; “—” indicates those habitats for which there was neither preference nor avoidance. Adapted from 
Glazer and Kidney (2004).

  Preferred  Spawning season—
  (P, subsite) Preferred (P, subsite)
  or Avoided  or Avoided 
Code Habitat (A, subsite) (A, subsite)

Rf Reef—continuous barren carbonate substrate N/A N/A

Sd Sand—particles pass through 2-mm sieve, but are retained on 0.5-mm sieve N/A N/A

Cs* Coarse Sand—particles pass through 12-mm sieve, but are retained on 2-mm sieve P,C2 P,C1

Rb* Rubble—particles are retained on 12-mm sieve A,C2 A,C2

RbCs* Rubble/Coarse Sand—homogenous mix of Rb and Cs P,C2 P,C2

SgsSd* Mixed seagrass community (Thalassia testudinum and Syringodium filiforme),  — — 
 sparse with Sd substrate; seagrass blade density < 1200 • m–2 and canopy height  
 < 15 cm

SgsCs Mixed seagrass community (T. testudinum and S. filiforme), sparse with Cs substrate;  N/A N/A 
 seagrass blade density < 1200 • m–2 and canopy height < 15 cm

SgdSd* Mixed seagrass community (T. testudinum and S. filiforme), dense with Sd substrate;  — — 
 seagrass blade density > 1200 • m–2 and canopy height > 15 cm

SgdCs* Mixed seagrass community (T. testudinum and S. filiforme), dense with Cs substrate;  — — 
 seagrass blade density > 1200 • m–2 and canopy height > 15 cm

Discussion

Passive acoustic telemetry is a method commonly em-
ployed in a wide variety of aquatic studies (Zeller, 1998); 
as of 2003, there were over 320 articles referenced in the 
literature. In coral reef environments, it is becoming 
increasingly popular (Zeller, 1997; Eristhee et al., 2001; 
Beets et al., 2003). Perhaps one of the greatest strengths 
of this method is that it allows researchers to examine 
the habits of organisms under conditions that make oth-
er sampling strategies difficult. For example, occupied 
habitats may be examined during times when sampling 
is problematical (e.g., night: Meyer et al., 2000; Beets et 
al., 2003; Cartamil et al., 2003) and at sampling frequen-
cies not practical using most other methods (Eristhee 
and Oxenford, 2001). Additionally, when hydrophones 
are deployed in situ, passive data collection becomes 
much simpler than on-site sampling (Lindholm and 
Auster, 2003) and provides a method to obtain large 
amounts of highly accurate data (Bolden, 2001). Fur-
thermore, acoustic telemetry circumvents many of the 
problems associated with traditional mark-recapture 
technologies including sample size issues (Appeldoorn, 
1997). For these reasons, acoustic telemetry has become 
a popular tool for conducting home range (Zeller, 1997; 
Eristhee and Oxenford, 2001; Parsons et al., 2003) and 
habitat preference (Lowe et al., 2003) studies.

In our case, the use of acoustic telemetry allowed us 
to increase our sample sizes by reducing the amount 
of labor needed to locate tagged individuals. Had we 
used traditional tag-recovery methods, it is likely that we 
would have had a significant reduction in recaptures. As 
a result, the home range estimations of each individual 
would likely have been much larger due to the increased 
variance associated with a reduction in sample size. Like-
wise, the habitat utilization estimations would probably 
have suffered from Type 2 errors from the increased 
variance associated with sample size reduction.

An additional benefit of passive acoustic telemetry 
is that it is fairly inexpensive. Nevertheless, there are 
trade-offs. In our studies, we used a single hydrophone 
deployed from a vessel. This required that at least one 
researcher was on the vessel for sampling. Using this ap-
proach, the up-front investment is fairly modest (approx-
imately $1,500 U.S. for the receiver and hydrophone and 
$150 for each tag); however, a fairly significant invest-
ment in manpower and vessel use was required. On the 
other hand, labor can be reduced with a significantly 
greater investment in capital equipment, as in the case 
where the hydrophones are deployed in an array and the 
data are acquired passively (Bolden, 2001).

Despite the benefits attributed to acoustic telemetry 
for the examination of animal movements, the literature 
is devoid of papers that provide guidance for designing 
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a reserve using data acquired from this method. In fact, 
we were only able to locate one paper that used empiri-
cal data of the movement of a population to design a 
reserve (Griffiths and Wilke, 2002) and, even in that 
study, movements were determined using traditional 
mark-recapture surveys. They described a method for 
estimating the minimum reserve size for temperate reef 
fishes in South Africa based on the radius of movements 
observed for a population of Sparids. They attached that 
radius to locations progressively further from the core 
of the population. In this way, they could predict the 
proportion of the population that would be protected 
and concluded that a minimum of three radii and a 
maximum of five radii would be sufficient to conserve 
the population.

In contrast to their method, we present a model 
based not on linear movements, but on the area occu-

pied by individuals with probabilities assigned to that 
estimation. The use of spatially-explicit, probabilistic 
home-range models adds a level of security to the 
determination of what constitutes the area likely to 
be occupied by an existing or expanding population, 
especially given that a reserve may not function effec-
tively if the size of the home range is underestimated 
(Stoner, 1997; Kramer and Chapman, 1999). Our 
approach has an added advantage in that it includes 
behavioral and ecological data in the design criteria. 
For example, by incorporating habitat utilization into 
the equation, one can make an informed estimation of 
what areas are likely to be colonized by an expanding 
population during their foraging and reproductive 
activities. This approach requires both an objective 
evaluation of the data and a subjective interpretation 
of the results.

Figure 5

Habitat map derived from high-altitude photogrammetry. The proposed fishery reserve is indicated by MFR. The white 
triangles represent observations of queen conch (Strombus gigas) that are occupying a corridor (Cor) between C1 and C2 
or “spillover” conch (SO) that have emigrated from the area defining the proposed reserve. The perimeters of the AgHRs 
of each sub-population are shown in red. Preferred, utilized, and avoided habitats are described in Table 1. Bathymetric 
contours (m) are shown for reference.
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In our study, we used a species that, in general, ex-
hibits a high degree of site fidelity. However, not all 
marine animals exhibit this characteristic (i.e., they 
may be nomadic or highly migratory) and thus may 
lack fixed home ranges (Colton and Alevizon, 1983; 
White and Garrott, 1990). Our method may have lim-
ited applicability in these cases, especially as it relates 
to the incorporation of home range into the design of 
an MFR.

Additionally, queen conch move little and there is 
a relatively high probability of recapturing tagged in-
dividuals relative to more mobile species. For highly 
mobile species, recapture sitings may be limited due to 
emigration from the study site. However, probabilistic 
home range models account for this limitation in the 
estimation of the home ranges by assigning larger home 
ranges to individuals with fewer recaptures.

Acoustic telemetry studies may also provide other 
essential information for effective MFR design. Acosta 
(2002) studied carrying capacity within reserves in Be-
lize using queen conch and spiny lobsters (Panuluris 
argus) tagged with acoustic transmitters. He predicted 
the maximum density for spiny lobsters and queen 
conch for a refuge in Belize by employing a recruit-
ment/diffusion model and, at the end of his study, 
confirmed that densities of individuals had increased. 
Because an oft-cited benefit of reserve implementation 
is the predicted increase in the biomass of the targeted 
species as a reserve matures (Lubchenko et al., 2003), 
estimating carrying capacity may provide guidance on 
expected reproductive output from that reserve as well 
as functional changes within the ecosystem.

As population densities increase, other changes may 
occur. Habitat quality, a well-recognized variable that 
must be addressed for effective marine reserve design 
(Rowley, 1994; Appeldoorn, 1997; Acosta, 1999; Fogarty, 
1999), may be affected. As expansion of the population 
occurs, less desirable habitats may become occupied in 
greater frequencies due to depensatory mechanisms 
(Fretwell and Lucas, 1970). We observed that an un-
occupied habitat adjacent to an existing spawning 
aggregation at Looe Key in the Florida Keys was soon 
colonized after adult conch were transplanted into the 
existing aggregation. Additionally, this habitat was posi-
tively affected before long as spawning soon began to oc-
cur there (Glazer, personal observ.). For these reasons, 
what are seemingly poor habitats adjacent to an existing 
population should be carefully considered for inclusion 
in a reserve before being discounted.

Acoustic telemetry often provides an efficient mecha-
nism to study the complexities associated with examin-
ing the movements of individuals and populations in 
fragmented landscapes (Beets et al., 2003). Because 
examining these movements is necessary for the conser-
vation of critical habitats (Berggren et al., 2002), these 

data have now begun to be incorporated into designs 
of marine reserves (Christensen et al., 2003). However, 
the holistic approach that uses empirical observation to 
combine these features with areas occupied by popula-
tions is absent from the literature. The conservative 
approach is to include all habitats connecting distinct 
patches. This, of course, oversimplifies the question 
and may result in overprotection if isolated populations 
are not connected via corridors and are functioning as 
isolated metapopulations (Dethier et al., 2003). This 
may then have adverse economic, social, or enforce-
ment consequences. For these reasons, it is essential to 
determine landscape features that must be conserved 
even though they are used infrequently. In our pro-
posed reserve, we justified the inclusion of the rubble 
ridge between C1 and C2 because this feature served 
an important function as a migration corridor and, if 
not conserved, the two subpopulations may become 
isolated. It is unlikely that this area would have been 
identified as a critical feature without the use of acoustic 
telemetry given the rapid transit over the rubble ridge 
by the tagged individuals and the infrequent observa-
tions of untagged conch in the area.

When using our criteria to design an MFR, decisions 
must be founded on information obtained from ap-
propriate temporal scales (Starr et al., 2002). Ontog-
eny and reproduction may require drastically different 
resources, and it is critical to design studies or use data 
that capture habitat requirements during different life 
stages. Shifts in habitat use during reproduction must be 
examined (Kramer and Chapman, 1999; Glazer et al., 
2003). Because many fish species congregate to spawn, 
fishermen often target spawning aggregations. If a goal 
of the reserve is to enhance reproductive output, these 
aggregations should be identified and their conserva-
tion should be considered a high priority (Claro and 
Lindeman, 2003).

Despite the fairly straightforward approach we de-
scribed, a good deal of subjectivity will ultimately be re-
quired when considering the dimensions of an effective 
MFR. In our example, we included areas outside of the 
existing AgHRs in our proposed MFR design to allow for 
future expansion of the population. We placed added 
emphasis on including course sand and rubble/coarse 
sand habitats because conch preferred them during 
both the reproductive and non-reproductive seasons. 
Areas of these habitats that were in close proximity to 
the subpopulations and to the corridor connecting 
them were included in our design to support increased 
reproduction in an expanding population. We also 
included a substantial amount of sparse seagrass/sand 
habitat that was not currently occupied, despite the fact 
that there was no preference or avoidance of that habi-
tat (Glazer and Kidney, 2004), because we felt that these 
were areas that could be rapidly colonized.
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It is critical that managers predefine the goals of a 
prospective MFR. Our approach may be perfectly suit-
able for enhancing biomass in the reserve and in adja-
cent fisheries via spillover, if the MFR is well designed. 
However, guaranteeing that the population is protected 
and that areas are available for future expansion are not 
enough to ensure that the reserve functions to meet all 
the predefined goals. For example, one goal of an MFR 
may be to provide propagules for dispersal to targeted 
locations. Therefore, consideration of oceanographic 
features is critical to ensure proper MFR function (Chi-
appone and Sullivan Sealey, 2000; Crowder et al., 2000), 
and the design criteria defined in this study may do little 
to ensure that this goal is achieved.

Managers must also evaluate the biological, logistical, 
and/or human resource constraints that may limit the 
scope of MFR design studies. For example, if the popula-
tion in the targeted area is too small for telemetry stud-
ies, the project may need to be conducted in a different 
location with similar features. In these instances, home 
range and habitat utilization information may have to 
be obtained from the literature, and the researchers 
and/or managers should recognize that critical site-
specific habitat features (e.g., corridors) would not be 
identified. In other cases, fiscal realities may limit the 
capacity to effectively evaluate MFR design parameters. 
In addition to scientific considerations, social, political, 
and economic factors must be evaluated when design-
ing reserves. Thus, the spatially defined boundaries 
determined from home range and habitat preference 
studies are only a few of a suite of variables that must 
be considered to ensure that an MFR is appropriately 
designed.
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